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Abstract:To study the characteristics of gravity variations in and near the North-South Seismic Belt hefore the 
2013 Lushan earthquake, we used the geopotential-field models based on monthly data of the RL05 GRACE 
satellite to calculate the gravity changes. Here we present the patterns of annually cumulative variation, 
differentiati.al variation and secular trend , as well as the continuous time-series at 4 characteristic sites during 
2004 - 2012. The result shows that the anomalous positive-to-negative transition zone, in which the epicenter 
of the 2008 Wenchuan earthquake was located , did not show any new gravity change before the Lushan 
earthquake, though located in the same zone. 
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1 Introduction 
The development of a strong earthquake may be accom-
panied by changes of underground mass density and 
some other physical fields in the source and surround-
ing areas, thus it is important to detect such changes 
by using various monitoring methods in order to study 
earthquake-source mechanism and earthquake predic-
tion. Since 2002 , the Gravity Recovery and Climate 
Experiment (GRACE) has provided a set of stable sat-
ellite-gravity data. The collection and analysis of such 
data has been found to be useful in studying gravity 
variations over long periods with high spatial resolu-
tion. This method can be applied to studying long-term 
large-scaled background gravity variations and local 
gravity changes associated with large earthquakes. 
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Up to now, GRACE has captured gravity variations re-
lated to several large earthquakes , such as the 2004 
Mw9. 3 Sumatra-Andaman, the 2010 Mw8. 8 Chile, 
and the 2011 Mw9. 0 Tohoku-Oki ll-SJ. 
In China, a previous study1'·'1 using data from 
GRACE has also found an obvious positive-to-negative 
anomaly area before the 2008 Mw 7. 9 Wenchuan earth-
quake in its epicenter area. Since then, the Ms7. 0 
Lushan earthquake occurred(30. 3°N, 103°E) on May 
23 ,2013, about 80 km to the southwest, near the con-
verging point of Longmenshan , Xianshuihe and Zemu-
he faults. The focal mechanism is thrust, like the Wen-
chuan earthquake , and the slip direction and fault 
strike are similar also; however, it is relatively inde-
pendent of the Wenchuan earthquake1101 • Being an ad-
ditional strong earthquake in recent years in the middle 
section of the North-South Seismic Belt, the Lushan 
earthquake may imply that more large earthquakes may 
occur in this section, which should thus be closely 
watched. In this paper, we present and discuss the cal-
culated results, based on GRACE gravity data, of the 
cumulative and differential changes and the long-term 
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trend in the North-South Seismic Belt, as well as the 
time series at 4 selected sites. 
2 Data and methodology 
2.1 Data 
We made use of RI1l5 monthly gravity -field models 
from January 2004 to February 2013 released by CSR 
( Center for Space Research) . The data set has several 
gaps caused by the lack of accelerator observation ( in 
January and June 2011; May and October 2012) [lOl. 
The reason we chose the RI1l5 rather than the Rl04 
version was that its signal-to-noise ratio is higher, and 
its temporal variation in the North-South Seismic Belt is 
significantly smaller[ 11 l. Due to the lack of GRACE da-
ta in C20 , we substituted it with the result of 5 SLR 
satellites for the same period. 
2. 2 Gravity variation 
Gravity change, which is the radial derivative of the 
gee-potential variation, at any point on the earth can 
be calculated by the following formula [2 ] : 
GM'- 1 - -
.&g = i L (l + 1) L P ... cosO[.&C ... cos(mA) + 
a l=2 m=O 
(1) 
where G is the gravitation constant, M is the mass of 
the Earth, P 1m (cosO) is the fully normalized associated 
Legendre function of spherical harmonic degree l and 
order m, lJJUIXis the maximum truncated degree, a is the 
mean radius of the Earth, A and 0 are longitude and 
colatitude, and .<1C1m and .<iS'"' are the differences be-
tween Stokes coefficients and background geopotential 
coefficients. 
In order to remove background noise in the North-
South Seismic Belt, we used the P3 M8 de-correlation 
and 450 km Gaussian smoothing methods to estimate 
gravity variations during the nine-year period. Then we 
obtained the long-term gravity changes and time-series 
gravity changes in the North-South Seismic Belt, which 
includes both epicenters of the Wenchuan and Lushan 
earthquakes. Finally, the characteristics of gravity 
changes before the Lushan earthquake were examined, 
and are discussed here. 
2. 3 Secular trend 
The gravity variation derived from GRACE was affected 
by many factors, including land-surface hydrology, 
earthquake processes, glacial isostatic adjustment, as 
well as atmospheric and oceanic processes. Since the 
atmosphere and ocean tides had been removed from the 
RL05 monthly gravity field models, the land surface 
hydrology became the most significant signal, which is 
periodic and can be described using simple mathemati-
cal functions. Since the aim of this paper is to study 
temporal gravity changes related to geodynamic proces-
ses , the cyclic secular signal had to be removed firstly. 
We separated the gravity signals into two parts , period-
ic and linear, by using formula 2 [2 ] below, and solved 
the unknown parameters by the least -squares method. 
Finally we obtained the secular linear rate k and time-
series changes, without the cyclic disturbance : 
3 
.&g(t) = L a;cos(w;t + <p,) + kt + b (2) 
i=l 
where the unknown parameters a 1 ,a2 ,a3 ,q;1 ,lp2 ,(/)3 are 
the magnitudes and initial phases of the periodic func-
tion ; k is linear slope or the secular trend , and b is the 
intercept. 
3 Temporal and spatial gravity variatiom 
3.1 Cumulative and differentiatial gravity changes 
We show our calculated regional gravity changes in two 
different ways: Cumulative (Fig. 1 ) , which is relative 
to the background gravity field, and differentiation 
(Fig. 2) , which is the differences between consecutive 
periods. A 20° X 20° window ( 20° - 40°N, 90° -
ll0°E) is used, with the North-South Seismic Belt in 
the middle. 
We chose the mean yearly gravity variation from 
GRACE as the background gravity field. Figure 1 shows 
the yearly cumulative gravity changes from 2004 to 
2012. As shown, the gravity changes in the Qinghai-Ti-
bet Plateau near Lhasa are most prominent during the 
study period from 2004 to 2012. In this region, the 
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Figure 1 Yearly cumulative gravity changes ( Red points represent epicenter distributions of the 
Ms > 7 earthquakes) 
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Figure 2 Yearly differentiated gravity changes ( Red points represent the epicenter location of 
the Ms > 7. 0 earthquakes) 
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gravity decreased gradually from + 20 f.LGal in 2004 to 
- 10 f.LGal in 2007 , and the decreasing trend contin-
ued until 2010. The year 2008 is, however, quite dif-
ferent, showing a large gravity increase (from negative 
to positive) , centered at the North-South Seismic Belt. 
In the North-South Seismic Belt, located in southern 
Yunnan and Burma, the gravity decreased in 2004 -
2006 , increased 2007 - 2009 , decreased greatly in 
2010, and then increased in 2011 -2012. Altogether 
three significant earthquakes occurred in the North-
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South Seismic Belt during 2003 -2012: the 2008 Ms8. 0 
Wenchuan earthquake, the 2011 Mw7. 1 Yushu earth-
quake, and the 2013 Ms7. 0 Lushan earthquake. 
The yeaxly differentiatial gravity shows several prom-
inent increases and decreases ( Fig. 2 ) : The increases 
occurred in northeastern Gansu and Ningxia in 2004 
( 20 1-1Gal) , Qinghai in 200S, North-South Seismic 
Belt and vicinity in 2008, and Yunnan and Myanmax 
in 2011. Significant negative anomalies occurred in 
Lhasa and vicinity in 2006, southwest of the North-
South Seismic Belt and Myanmax ( Bunna) in 2009 , 
and southern Yunnan axea in 2010. 
No significant yearly gravity change occurred in 2012 
in or neax the epicenter area of the Lushan earthquake. 
3. 2 Secular gravity-change rates 
The lineax trend for gravity changes ( the slope ) was 
obtained from 106 monthly gravity-change data points 
during 2004 - 2012. The trends before and after the 
Wenchuan earthquake, and for the entire 9-yeax period 
are shown in figures 3 ( a) , ( b) and ( c) , respectively. 
Before the W enchuan earthquake , significant gravity 
increases occurred in Lhasa, Xining and Myanmar, 
with a maximum rate of 0. 4 jJ.Gal/ a, while the gravity 
decreased by as much as -0. S jJ.Gal/a in Lhasa. The 
2008 W enchuan earthquake occurred in the positive-to-
negative transition axea. 
Mter the Wenchuan earthquake, a significant char-
acteristic is that the study area showed a two-part pat-
tern north and south of latitude 30°. The trend was pos-
itive in the north with a maximum value of 0. S jJ.Gal/ a 
along the border of Qinghai and Xinjiang, but negative 
in the south with a maximum value of - 0. 4 jJ.Gall a 
neax Lhasa. The epicenter of the Wenchuan earthquake 
was located in the transition area. 
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During the entire 9-yeax period, the secular trend 
( Fig. 3 ( c ) ) showed a decrease in an abroad area from 
southern Qinghai-Tibet plateau to northeastern North-
South Seismic Belt with a maximum rate of - 0. 3 
j.LGal/ a , and also an increase in a broader area to the 
north and east with a maximum rate of 0. 3 ~J-Gal/ a in 
Guizhou and Chongqing areas. The epicenter of the 
W enchuan earthquake , again , lies squarely in the bor-
der zone. 
3. 3 Thne series of gravity variation at 4 selected sites 
Figure 4 shows the time series of gravity variation at 
four selected sites, which reflect basically the chaxac-
teristics of the regional gravity variation in and neax the 
North-South Seismic Belt: Chengdu ( 104. 0°E, 30. 5° 
N) , Lhasa ( 91. oo E, 29. soN) , Xining (102. oo E, 
36. soN) , and Kunming ( 106. oo E, 49. oo N). The 
least-squares method was applied to calculate the lineax 
variation rates ( trends ) before and after the W enchuan 
earthquake. The results show that gravity increased 
slowly at Xining, Chengdu and Kunming, but de-
creased slowly at Lhasa, during the 9-yeax period 
(Tab. 1 ) . These changes reflect increasing and decrea-
sing density, respectively, in the Qinghai-Tibet Plat-
eau and the region around Lhasa. This was probably 
due to a tectonic compression in the Qinghai-Tibet 
Plateau and a surlace expansion in Lhasa area. After 
the W enchuan earthquake , the absolute secular trends 
at these sites showed decreased rates by 0.11 jJ.Galla, 
0. 07 ~J-Gal/ a, 0. 26 ~J-Gal/ a, and 0. 02 ~J-Gal/ a at 
Chengdu, Xining, Lhasa, and Kunming, respectively. 
Both results indicate that the observed gravity variations 
may be related to the development and occurrence of the 
Wenchuan earthquake. The faster pre-earthquake gravi-
ty (and density) changes may reflect stronger east-west 
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( a ) Gravity change rates before 
the Wenchuan earthquake 
( b ) Gravity change rates after 
the Wenchuan earthquake 
Figure 3 Secular gravity variation mtes 
(c) Gravity change rates 
from 2004 to 2012 
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Figure 4 Time series of gravity variation at 4 selected sites 
Table 1 Secular gravity variations ( !4iaV a) 
Time 
Before the W enchuan earthquake 
After the W enchuan earthquake 
Chengdu 
0 . 28 
0.17 
compression of the Qinghai-Tibet Plateau before the 
earthquake, whereas the slower post-earthquake chan-
ges may be due to regional-stress relaxation after the 
earthquake. 
4 Conclusions 
For more than a decade, GRACE has provided data for 
research on gravity-field variation, especially dynamic 
changes, caused by mass migration. We analyzed such 
changes in the North-South Seismic Belt before the 
2013 Lushan earthquake and found the following char-
acteristics : 
( 1) From differentiatial and cumulative gravity vari-
ations in and near the North-South Seismic Belt, we 
found significant positive and negative changes in Qing-
hai-Tibet Plateau, which can he explained by the some 
special hydrological changes ( such as melting ice , pe-
Xining 
0.31 
0.24 
Lhasa 
-0. 50 
-0. 24 
Kunming 
0.08 
0.06 
riodic water storage change error) in this region. The 
cumulative changes southeast of Chengdu were negative 
before 2008 and became positive after 2008 ; this 
change may be related to the occurrence of the Wen-
chuan earthquake. However, no anomalous gravity 
change was observed before the 2013 Lushan earth-
quake located in the same area. 
(2) From the 9-year-long secular trend, we noticed 
that the epicenter of the W enchuan earthquake was lo-
cated in a concurrent positive-to-negative transition 
zone. 
{3) From the 9-year-long time-series observation of 
gravity changes at 4 selected sites ( Xining , Chengdu , 
Kunming , and Lhasa) , we noticed the effect of a long-
term gravity increase or mass gain in Qinghai-Tibet 
Plateau , probably due to the tectonic push of the Qing-
hai-Tibet Block against the neighboring part of the Eu-
roasian Plate , and at the same time a gravity decrease 
6 Geodesy and Geodynamics Vol.4 
or mass loss in Lhasa area, probably due to stress re-
laxation. This result is consistent with the results given 
in (I) and (2). 
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